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(57) ABSTRACT 

A method and apparatus for detecting a damaged encoder 
strip are described. An encoder strip is scanned in tWo 
separate operations at tWo separate times, a ?rst operation 
and a second operation. The number of markings sensed in 
each separate operation is counted. A circuit compares the 
count of markings in each separate operation. If the count 
diiTers between the tWo operations, the circuit determines 
that the encoder strip is damaged, and the circuit develops a 
signal indicating this damage. In an embodiment, the ?rst 
operation is performed during a calibration, and the second 
operation is performed during a poWer-on, or upon operator 
command. 

13 Claims, 5 Drawing Sheets 
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ENCODER STRIP DAMAGE DETECTOR 

RELATED APPLICATIONS 

This is a continuation of and claims priority to US. patent 
application Ser. No. 10/268,516 ?led Oct. 10, 2002, now 
US. Pat. No. 6,907,356 entitled “Encoder Strip Damage 
Detector” by inventors Samuel K. SWenson and Ryan Chris 
tensen. 

TECHNICAL FIELD 

The invention relates to methods and systems for detect 
ing a damaged encoder strip. 

BACKGROUND 

Many devices make use of an encoder strip. A sWath type 
printing device, for example, has a print mechanism that 
travels along a scan-axis across a print medium in order to 
print a roW of markings on the medium. To print fully on a 
sheet of the medium, the print mechanism commonly travels 
a multiple number of times along the scan-axis, each time 
printing a separate set of roWs. 

The print mechanism conventionally determines its posi 
tion along the scan-axis by referencing position markings on 
a printer encoder strip. A sensing device senses encoder strip 
markings as the print mechanism travels along the printer 
scan-axis. The sensing device is usually part of or attached 
to the print mechanism, and therefore travels along the 
scan-axis With the print mechanism. The encoder strip is 
usually stationary. Circuitry or logic Within the printer 
interfaces With the sensing device to determine actual posi 
tions of the print mechanism relative to the stationary 
encoder strip. 
A printing device may either be pre-programmed With the 

extent of its feasible travel along the scan-axis, or may 
alternatively initialiZe the extent of its feasible travel along 
the scan-axis in a calibration procedure. During such a 
calibration procedure, the printer scans the encoder strip to 
determine the number of encoder strip markings, and from 
this information determines the extent of the print mecha 
nism travel along the scan-axis. 

Over time, the number of encoder strip markings that can 
be detected may change as a result of degraded or absent 
markings on the encoder strip. As a result of this changed 
number of sensed markings, the position of the print mecha 
nism along the scan-axis cannot be accurately determined, 
the print mechanism cannot therefore be accurately posi 
tioned, and the printing quality of the printing device can be 
degraded. 

SUMMARY 

A method and an apparatus to detect a damaged encoder 
strip are described. In one embodiment, an encoder strip 
reader scans the encoder strip at tWo separate times. A circuit 
counts the number of markings sensed in each separate 
scanning. A circuit compares the counts in each of the 
scannings. If the counts differ, a circuit concludes that the 
encoder strip is damaged. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs an exemplary printing device that has an 
encoder strip damage detector. 
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2 
FIG. 2 is a block diagram shoWing selected components 

of an exemplary implementation of a printing device com 
puter. 

FIG. 3 is a How chart shoWing an exemplary operation of 
a printing device, and exemplary instructions that a printing 
device computer executes in responding to a stored program. 

FIG. 4 is a block diagram of an exemplary implementa 
tion of an encoder strip damage detector, a printing device 
encoder strip, and an encoder strip reader. 

FIG. 5 is a block diagram of an exemplary implementa 
tion of a printing device encoder system. 

Before one embodiment is explained in detail, it is to be 
understood that the printing device is not limited in its 
application to the details or construction and the arrange 
ments of components set forth in the folloWing description 
or illustrated in the draWings. The invention is capable of 
other implementations and of being practiced or being 
carried out in various Ways. Also, it is to be understood that 
the phraseology and terminology used herein is for the 
purpose of description and should not be regarded as lim 
iting. The scope of the claims is not limited to their literal 
terms but instead embraces all equivalents of the claims. 

DETAILED DESCRIPTION 

Throughout this patent, such terms as “damage,” “dam 
aged,” “anomalous,” “anomaly,” and “changed” are used to 
refer to encoder strip markings that cannot be sensed 
because their presence for sensing is beloW a sensor thresh 
old. These Words are used interchangeably, and indicate an 
impairment in an at least one marking that will affect the 
sensing of the marking, and thus the proper positioning of a 
printer carriage assembly. 

Referring to FIG. 1, an embodiment of a printing device 
100 includes a moveable carriage assembly 110 con?gured 
to move along an at least one guide rail 120. Guide rail 120 
is juxtaposed along an image forming area of a print medium 
140. The print medium 140 has a surface upon Which an 
image is to be formed by the printer. The print medium may 
include paper, vellum, any of various types of plastic ?lm, 
and the like. 
The carriage assembly 110 includes a print mechanism 

130 having elements that apply an image to the print 
medium. The carriage assembly 110 and its print mechanism 
130 move along guide rail 120. The axis de?ned by the 
carriage assembly movement is referred to herein as the 
“scan-axis” of the printing device 100. 

During printing, the print mechanism 130 translates 
across the print medium along the scan-axis to form one line 
or sWath of pixels across the print medium 140. In a 
shuttle-type printing device, the print mechanism 130 moves 
on a shuttle. 

After forming an image line or sWath of pixels on the print 
medium 140, the print medium 140 is conventionally moved 
in an orthogonal direction to the scan-axis to be in a position 
to accept another line or sWath of pixels from the print 
mechanism 130. In this Way, an entire image is formed on 
the print medium 140. 

In order to form an image at a correct position on the print 
medium 140, the carriage assembly 110 is precisely posi 
tioned on the guide rail 120 along the scan-axis. The printing 
device includes an encoder strip 150 (commonly also called 
a code strip) that facilitates positioning of the carriage 
assembly. The encoder strip serves as a position reference 
for the print mechanism 130 during its translation along the 
guide rail 120. The encoder strip 150 is disposed on or along 
the scan-axis of printing device 100, near the path of the 
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carriage movement along the guide rail 120. The encoder 
strip 150 is attached to a stationary portion of the printing 
device, or reeled and strung about a pivot, so that it embod 
ies a rigid entity With respect to a sensor (encoder strip 
reader) 160, to be disclosed presently. 

The encoder strip 150 includes multiple sequential and 
closely spaced markings 155 along the scan-axis. The num 
ber and spacing of the markings 155 depend on the particular 
implementation. The encoder strip markings 155 can be 
marks each indistinguishable from any other marking 155 on 
the encoder strip 150. It is also Within the speci?c contem 
plation of the invention that the markings are each individu 
ally distinguishable (i.e. unique) indicia. 
An encoder strip reader 160 is in a knoWn position relative 

to the print mechanism 130, and can sense the markings 155 
on the encoder strip 150. 

In an implementation, the encoder strip 150 is transparent. 
The markings 155 are distinguished from the translucent 
encoder strip 150 by having a more opaque quality than the 
encoder strip 150. The encoder strip reader 160 reads the 
encoder strip 150 by shining a light from a light source onto 
the encoder strip and sensing the light transmitted through 
the encoder strip 150 by a light sensor disposed to receive 
the transmitted light that passes through the encoder strip 
150. In an implementation, the encoder strip 150 is a 
relatively translucent material, and the markings 155 are 
relatively opaque, commonly con?gured as tick marks. In 
another speci?c implementation, the encoder strip 150 is a 
light re?ective material, and the markings 155 are con?g 
ured to absorb light. The light source and the light sensor are 
each positioned near the same surface of the encoder strip 
150 so that the light sensor captures a re?ection of light from 
the encoder strip 150, rather than a transmission of light 
through the encoder strip 150. 

In operation, the encoder strip reader 160 senses a seg 
ment of the encoder strip 150. The particular segment that is 
sensed is a function of the present position of the print 
mechanism 130 along the scan-axis. The encoder strip 
reader 160 forms a signal based on the sensed segment of the 
encoder strip 150. In an embodiment, the output signal from 
the encoder strip reader 160 indicates the sensed light, and 
a control circuit 170 determines from the output signal the 
identity or non-identity of an markings 155 on the encoder 
strip 150. The control circuit 170 interprets the position of 
the carriage assembly 110/print mechanism 130 from the 
output signal. The control circuit 170 controls the position of 
the carriage assembly 110/print mechanism 130 along the 
scan-axis based on the interpreted position of the carriage 
assembly 110/print mechanism 130 along the encoder strip 
150. 
The position of the print mechanism 130 is determined 

relative to some reference point on the encoder strip 150. In 
an implementation of an encoder strip 150, the control 
circuit 170 determines Where the print mechanism 130 is 
along the encoder strip by counting the markings 155 from 
the reference point, and by keeping track of the count from 
that reference point. The control circuit 170 includes an 
encoder strip damage detector to determine Whether the 
encoder strip 150 is damaged based on changes in a count of 
the markings detected by the encoder strip reader 160 over 
time. In one implementation, the control circuit 170 operates 
to count (?rst count) the markings that are detected by the 
reader 160 When the print mechanism 130 is translated from 
a ?rst position (position “A”) to a second position (position 
“B”). Subsequently, the control circuit 170 operates to count 
(second count) the markings detected by the reader 160 
When the print mechanism 130 is translated again from 
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4 
position “A” to position “B”. If the tWo counts are different, 
then the control circuit 170 determines that the encoder strip 
150 is damaged. 
The light source can be implemented as a light emitting 

diode (LED) and the light sensor can be implemented as a 
photo-diode light sensor. The light sensor receives less light 
transmitted through a marking 155 of an encoder strip 150 
than transmitted through a non-marking area. Thus, using a 
speci?ed light sensing threshold, the encoder strip reader 
160 and control circuit 170 distinguish a marking from a 
non-marking based on the difference in passed light sensed. 
The light sensor alternatively converts the presence and 
absence of a marking 155 into an electrical signal to be 
processed by the control circuit 170, or transmits an elec 
trical signal indicating the amount of transmitted light or the 
like to be processed by the control circuit 170. 
As alternative embodiments, the markings 155 can be 

implemented using non-optical means. For instance, the 
markings can be magnetically distinguishable markings to 
be magnetically sensed by the encoder strip reader 160, 
tactically distinguishable markings to be mechanically 
sensed by the encoder strip reader 160, and the markings can 
be sensed in another manner. 
The printing device 100 may also include a status indi 

cator 180 that is responsive to control circuit 170 to instruct 
a user that an anomalous condition on the encoder strip 150 
has been detected. The status indicator 180 emits an indi 
cation or other noti?cation in response to receiving a signal 
from the control circuit 170, indicating the anomalous 
condition on the encoder strip 150. The status indicator 180 
in one implementation comprises at least one lighting device 
such as an LED. In one implementation, the printing device 
100 includes an output to a service function for doWnloading 
during operation of an encoder strip 150 anomalous condi 
tion data. A service function is a system to collect and/or 
disseminate data to a user and/or another system about 
printing device damage and service conditions. 

Referring noW to FIG. 2, the logical functionality of the 
control circuit (170 FIG. 2) may be implemented in Whole 
or in part by a computer 210. The computer 210 includes a 
processing unit 215 having at least one processor to execute 
a program 222 stored in a memory system 220, coupled to 
each other by a bus 217. The program 222 includes instruc 
tions that the processing unit 215 executes to implement the 
encoder strip damage detector. 
The memory system 220 includes non-volatile memory to 

store and read the program such as an electrically erasable 
programmable read-only memory (EEPROM) or a ?ash 
memory (?ash RAM). The memory system 220 also has 
Writable memory to store, Write, and read data such as a 
random access memory (RAM), an EEPROM, or a ?ash 
memory. The Writable memory in many cases is volatile. 
The computer 210 includes a bus 218 that couples the 

processing unit 215 to an interface electronics unit 225. The 
exemplary computer 210 also includes a bus 219 that 
couples the interface electronics unit 225 directly to the 
memory system 220. The interface electronics unit 225 in 
turn is coupled to printing device components that include 
the encoder strip reader 160, a carriage assembly translation 
motor 230 (commonly a step motor), a user input interface 
235, the status indicator 180, and the service function 240. 
The interface electronics unit 225 provides an indication 

to the computer 210 of the markings 155 sensed by the 
encoder strip reader 160. The encoder strip reader 160 
provides to the computer 210 through the interface unit 225 
a signal that indicates the sensed portion of the encoder strip 
150. The processor unit 215, in response to executing the 
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program 222 stored in the memory system 220, determines 
if a marking is being sensed, and counts the markings. The 
computer 210 provides to the interface electronics unit 225 
a signal indicating that the encoder strip reader 160 is to 
sense the encoder strip 150. 
The computer 210 provides to the interface electronics 

unit 225 an indication for the translation motor 230 to 
translate or shuttle the carriage assembly 110 on the guide 
rail 120 along the scan-axis. The interface electronics unit 
225 provides to the computer 210 an input from the user 
input interface 235 indicating a user-activated sWitch(es) 
activation to perform an at least one step of the encoder strip 
damage detector process. The encoder strip damage detector 
process is to be presently described With reference to FIG. 
3. The computer 210 provides to the interface electronics 
unit 225 outputs to the status indicator 180, the service 
function 240 and the like, indicating that the encoder strip 
150 is damaged. The printing device computer 210 receives 
and sends other inputs and outputs from and to other ports 
and units not presently described (such as a control signal to 
a print engine, or a data input from a coupled print data 
source computer). 

Referring noW to FIG. 3, a ?rst operation 311 embodies 
the actions 310 and 312, and a second operation 321 
embodies the actions 320 and 322. In the ?rst operation 311, 
at 310, the encoder strip reader 160 scans or senses the 
markings of at least a portion of encoder strip 150 as the 
carriage assembly translates. In 312, the number of markings 
are counted. The action 312 also comprises storing the 
marking counts for subsequent usage in a comparison. In an 
implementation, the sensing action 310 and the counting 
action 312 occur concurrently With a running count of the 
markings 155 being calculated after a marking 155 is sensed 
in action 310. 

Actions 310 and 312 are carried out over an identi?ed 

portion of the encoder strip 150, resulting in a count that 
represents the number of marks traversed by the carriage 
assembly as it traverses over this portion. In one implemen 
tation, this portion comprises the entire part of the encoder 
strip 150 that is traversed by a full translation of the carriage 
assembly 110 along the guide rail 120. 

In an exemplary implementation, the ?rst operation 311 is 
initiated during the initial calibration of the printer device 
100, Wherein the breadth of carriage assembly translation is 
determined by the quantity of traversed marks on the 
encoder strip 150. Generally, the calibration procedure 
involves moving the carriage betWeen its tWo extremes and 
counting the number of encoder strip marks that are tra 
versed by the carriage betWeen these tWo extremes. The 
count is stored in the memory system 220, for use in 
calibrating the printing device 100 to the breadth of the 
carriage assembly translation for a particular printing device 
100. 

In one implementation, the initial calibration of the print 
ing device 100 is performed before the printing device 100 
is transferred to a user, commonly as part of the manufac 
turing process of the printing device 100. In this initial 
calibration, a pre-set scan axis calibration Will be stored in 
the memory system 220. In another implementation, the ?rst 
operation 311 is initiated by an human operator command 
from the user input interface 235. 
An action 320 performed by reader 160 of sensing the 

markings 155 on the encoder strip 150 over the same portion 
of the encoder strip sensed in the ?rst operation. In 322, the 
sensed markings are counted. The action 322 includes a 
storing of the count in the control circuit 170. In one 
implementation, the sensing action 320 and the counting 
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6 
action 322 occur concurrently With a running count of the 
markings 155 being calculated after the markings 155 are 
sensed The encoder strip reader 160, and the control circuit 
170 combination, sense and count each marking as 
described With reference to FIGS. 1 and 2 above. 

In one implementation, the action 320 is initiated by a 
human operator command from the user input interface 235. 
In another implementation, the action 320 is initiated at a 
time determined by the control circuit 170. In an implemen 
tation, the action 320, is initiated during the poWer-on 
operation of the printing device 100, poWer-on operation 
herein referring to When the device is poWered on. 
An action 330 includes comparing the number of mark 

ings counted by the ?rst operation in 312 With the number 
of markings counted by the second operation in 322. An 
action 340 folloWs 330, and includes determining Whether 
the encoder strip 150 is damaged based on the comparison 
of action 330. If the number of detected markings in the ?rst 
operation differs from the number of markings detected in 
the second operation, the encoder strip 150 is determined to 
be damaged. 
The operation portrayed in FIG. 3 further comprises an 

action 350 of outputting a signal indicating that the encoder 
strip is damaged as determined in 340 above. In a printing 
device 100 including an indicator system, the indicator 
system in an implementation can include an at least one 
indicator (or status) light, and in another implementation, a 
sound generator or the like. The action 350 also includes 
Writing status data to system memory 220. The status data 
indicates Whether encoder strip 150 has been determined to 
be damaged. Depending on the particular implementation, 
action 350 might also include sending a signal to the service 
function. 

FIG. 4 shoWs an aspect of the printing device portrayed 
With reference to FIG. 1. NoW referring to FIG. 4, a printing 
device 400 includes an encoder strip damage detector 410 to 
determine Whether the encoder strip 150 is damaged. The 
encoder strip damage detector 410 determines Whether the 
encoder strip 150 is damaged based on changes in a count of 
the markings 155 detected by the encoder strip reader 160 
over time. The encoder strip damage detector 410 includes 
a counting logic 420 to count at tWo separate times the 
number of markings on the encoder strip 150 at a ?rst 
sensing operation (311 FIG. 3) time and at a subsequent 
second sensing operation (321 FIG. 3) time. The encoder 
strip damage detector 410 includes a comparing logic 430 to 
compare the tWo separate counts, a ?rst count and a subse 
quent second count, from the ?rst operation and from the 
second operation respectively. The encoder strip damage 
detector 410 includes a damage determining logic 440 to 
determine if the encoder strip 160 is damaged based on 
changes in the count over time. The encoder strip damage 
detector 410 determines that the encoder strip 150 is dam 
aged When the ?rst count differs from the second count. 

Referring still to FIG. 4, the ?rst count is taken during a 
calibration of the printing device 400. The second count is 
taken either during a poWer-on of the printing device 400, or 
is commanded separately by a human operator. 
The encoder strip damage detector 410 can be imple 

mented alternatively by a programmed computer, a dedi 
cated circuit, or a combination of a programmed computer 
and a dedicated circuit. If the encoder strip damage detector 
410 is implemented as a programmed computer, the imple 
mentation can embody the computer 210 (FIG. 2) and the 
stored program 222 (FIG. 2), and the counting logic 420, the 
comparing logic 430, and the damage determining logic 440, 
is embodied by a computer responding to a program. 
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In the described implementation, encoder strip damage 
detector 410 is con?gured to output a signal indicating an 
alert of damage to the encoder strip 150 in response to 
determining that the encoder strip 150 is damaged. In this 
implementation, the printing device 100 includes an enun 
ciator 450 that responds to the signal by emitting a noti? 
cation of the damaged encoder strip 150. Furthermore, the 
printing device 400 optionally includes a service function or 
an interface With a service function 240 to receive the signal. 
In an implementation, the printing device 400 includes a 
memory system 220, and the encoder strip damage detector 
410 is to store in the memory system 220 a data indicating 
a damaged encoder strip 150, if the encoder strip damage 
detector 410 determines that the encoder strip 150 is dam 
aged. 

FIG. 5 shoWs an aspect of the printing device portrayed 
With reference to FIG. 1. NoW referring to FIG. 5, a printing 
device 500 includes an encoder system 510. The encoder 
system 510 includes the encoder strip 150, the encoder strip 
sensor (reader) 160, and a control logic 520. The control 
logic 520 determines damages to or anomaly in the encoder 
strip 150, based on a change in the number of detected 
markings 155 by the encoder strip sensor 160 in at least a 
portion of the encoder strip 150 over time. The control logic 
520 is in communication With the encoder strip sensor 160. 
The control logic 520 includes a marking determining logic 
530, a counting logic 540, and a comparing logic 550. The 
marking determining logic 530 is to determine a marking 
155 from the encoder strip 150 sensed by the encoder strip 
reader 160. The counting logic 540 counts the number of 
markings on an encoder strip 150 in each of tWo separate 
over time encoder strip reading operations, a ?rst operation 
and a subsequent second operation. The comparing logic 
550 compares each of the tWo separate counts to determine 
changes in a count of the markings over the time. In one 
implementation, the marking determining logic 530 is a 
sub-circuit of the encoder strip reader 160. Each logic 530, 
540, and 550 is implemented alternatively by a dedicated 
circuit ?nite, a computer that responds to a stored program, 
or a combination of a programmed computer and a dedicated 
circuit. If the logic 530, 540, and 550 is implemented as a 
programmed computer, the implementation can embody the 
computer 210 (FIG. 2) and the stored program 222 (FIG. 2). 

Referring still to FIG. 5, the ?rst count is taken during a 
calibration of the printing device 500, and the second count 
is alternatively during a poWer-on of the printing device 500, 
or is commanded separately by a human operator. In an 
implementation, the control logic 510 is to output a signal 
indicating a change in the number of detected markings in 
response to the comparing logic 550 determining that the 
quantity of markings indicated in the ?rst operation and in 
the second operation are di?ferent for a status indicator 180 
and/or a service function 240. In an implementation, the 
encoder system 510 includes a memory system 560, and the 
comparing logic 510 is to store a data indicating a damaged 
or changed encoder strip 150 if the comparing logic 550 
determines that the encoder strip 150 is damaged. 

This invention has been described With reference to a 
printing device implementation. HoWever, the scope of this 
invention is de?ned in the accompanying claims. Speci? 
cally, this invention includes a device having a moving 
mechanism that makes use of an encoder strip, such as 
speci?cally a printing device, and speci?cally a scanning 
device. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

8 
While this invention has been explained With reference to 

the structure disclosed herein, it is not con?ned to the details 
set forth and this invention is intended to cover any modi 
?cations and changes as may come Within the scope of the 
invention as de?ned in folloWing claims. 

What is claimed is: 
1. A device With a movable mechanism, comprising: 
an encoder strip having markings to indicate a position of 

the mechanism; 
an encoder strip reader to detect the markings; and 
an encoder strip damage detector con?gured to determine 

Whether the encoder strip is damaged based on changes 
in a count of the markings detected by the encoder strip 
reader over time. 

2. The device recited in claim 1 Wherein said device 
comprises a printing device. 

3. The device recited in claim 1 Wherein said device 
comprises a scanning device. 

4. The device recited in claim 1 Wherein the markings are 
optically readable markings. 

5. The device recited in claim 1 Wherein the encoder strip 
reader moves With the moveable mechanism. 

6. The device recited in claim 1 embodied as a shuttle type 
printing device. 

7. The device recited in claim 1 further including a 
memory, and Wherein the encoder strip damage detector is 
con?gured to store data in the memory indicating a damaged 
encoder strip if the encoder strip damage detector deter 
mines that the encoder strip is damaged. 

8. An encoder system comprising: 
an encoder strip having markings to indicate a position of 

a moveable mechanism; 
an encoder strip sensor having a sensor output that is 

responsive to sense the encoder strip markings; and 
a control circuit responsive to the encoder strip sensor to 

determine Whether the encoder strip is damaged based 
on a di?ference in the sensor output in at least tWo 
separate sensing operations performed over the same 
portion of the encoder strip based on a change of count 
of the markings over time. 

9. The encoder system recited in claim 8 Wherein said 
system is embodied as at least one of a printing device or a 
scanning device. 

10. The encoder system recited in claim 8 Wherein the 
markings are indicia. 

11. The encoder system recited in claim 8 Wherein the 
control circuit includes a processor and a stored program, 
and the processor determines a change in the number of 
markings by executing the stored program. 

12. The encoder system recited in claim 11 Wherein the 
stored program includes instructions to cause the processor 
to at least one of store an indication in a memory if there is 
a change in the number of detected markings, or output a 
signal indicating if there Was a change in the number of 
detected markings. 

13. A printing device comprising: 
means for sensing markings on an encoder strip over time, 

and 
means for detecting anomalies in the sensed markings by 

counting the sensed markings over time. 


